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cj^iias 

1. Thick-film paste, characterized by using, as an 
electrically conductive component, metal powders obtained by 
misting a solution containing one or more metal salts and heating 
the mist at a temperature higher than the metal salt 
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decomposition temperature, higher than the metal melting point, 
and higher than metal oxide decomposition temperature when the 
metal forms oxide at a temperature below the metal melting point. 

2. Thick-film paste, of Claim 1, wherein the metal powder is 
single metal powder, alloy powder, or mixtures thereof. 

Detailed explanation of the invention 

Industrial utilization field 

The present invention concerns thick-film pastes for 
electronics. 

In the electronics field, thick- film pastes such as 
conductor pastes and resistor pastes have been widely used in the 
manufacture of electronic circuits, resistors, condensers, IC 
packages, etc. These pastes contain conductive components such 
as, noble metals, e.g., gold, silver, platinum, palladium, 
ruthenium, etc.; base metals, e.g., copper, nickel, aluminum, 
molybdenum, tungsten, etc., their alloys and oxides, and 
optionally inorganic binders such as glass and other additives in 
a uniform paste form in an organic carrier. These pastes are 
applied on a dielectric plate and baked at high temperature or 
heat-dried at relatively low temperatures to form conductor or 
resistor films. 

Conventional technology 

In general, the metal powders used in such thick-film pastes 
are prepared through wet reduction by treating a metal compound 
solution with a reducing agent, atomizing molten metal, or fine 
powdering by evaporation of a metal in vacuum or an inert gas. 



Problems to be solved by the invention 

The general characteristics required for thick-film pastes 
are compactness, good adhesion on substrates, and low surface 
oxide or glass content, especially in the case of conductors. 

To satisfy such characteristics, the metal powders used in 
thick-film pastes should have the following properties: 

(1) Good dispersibility in coating materials for uniform compact- 
film formation. 

(2) Low impurity content. 

The lowest possible impurity content is needed, since the 
impurities show adverse effects on the ohmic bonding to 
semiconductors, the corrosion resistance, the environment 
resistance, and other electrical properties. 

(3) Good crystallinity . 

In the firing process, if the crystallinity is poor, the 
metal powders sinter fast, especially in pastes fired at high 
temperatures and the molten glass binder does not migrate toward 
the substrate, resulting in poor adhesion; the glass floats on 
the film surface, impairing the electric conductivity and 
solderability. Therefore, good crystallinity and crystals 
oriented in one direction are desirable. « 

(4) Particle size in the 0.1-10-;im range, with uniform particle 
shape. 

Powders obtained by a conventional wet-reduction process are 
of various shapes and sizes; this process does not provide highly 
pure metal powders with good dispersibility as well as 
crystallinity. The atomization process provides powders in large 
sizes and fine powdering is difficult, thus thin compact films 
cannot be attained. The evaporation method provides powder too 



small in size, using them to make pastes with good dispersion is 
difficult. 

Therefore, powders obtained by these methods are only 
marginally successful in satisfying the characteristics required 
for the thick-film pastes. 

Means for solving the problems 

The present invention is a thick-film paste, characterized 
by using, as an electrically conductive component^ metal powders 
obtained by misting a solution containing one or more metal salts 
and heating the mist at a temperature higher than the metal salt 
decomposition temperature, higher than the metal melting point, 
and higher than metal oxide decomposition temperature when the 
metal forms an oxide at a temperature below the metal melting 
point. In the present invention, metal powder means a powder of a 
single metal, alloys, and mixtures thereof. 

Action 

The characteristics of the present invention are related to 
the metal powders used as conductive components. Such metals 
include noble metals such as gold, silver, platinum, palladium, 
etc.; base metals such as copper, nickel, cobalt, aluminum, 
molybdenum, tungsten, etc., and alloys thereof, which have been 
used as conductive components in conventional methods. 

In the manufacture of powders used in thick-film pastes in 
the present invention, any metal salts can be used if they 
deposit the desired metals upon thermal decomposition; metal 
nitrates, sulfates, chlorides, ammonium salts, phosphates, 
carboxylates, alcoholates, resin-acid salts, etc. Many different 



salts of a single metal may be used together, or double and 
complex salts may also be used* One or more of such metal salts 
are dissolved in a single or mixed solvents chosen from water, 
alcohol, acetone, ethers, etc. to form metal-salt solutions. A 
pure metal powder is obtained when a single metal salt is used, 
while an alloy powder is obtained when a solution of salts of two 
or more metals that form alloys is used* When those metals are 
not alloy-forming, mixed powders are obtained. The metal 
solutions are formed into a mist and heated at a temperature 
higher than the metal salt decomposition temperature and higher 
than the metal melting point, or higher than the metal-oxide 
decomposition temperature when the metal forms an oxide at a 
temperature below the metal melting point, to give spherical 
metal powders with a smooth surface. 

In the manufacture of powder, temperatures below the metal 
melting point produce nonspherical powders with low density, and 
not suitable for pastes. Thus, the heating temperature must be 
higher than the metal melting point. Desirably, the heating 
should be performed at a temperature about 100 'C higher than the 
melting point of the desired metal. For metals forming oxides at 
a temperature below the metal melting point during or after 
metal-salt decomposition, the heating must be done at a 
temperature higher than the metal-oxide decomposition 
temperature. For mixed salts of two or more metals that form 
alloys, heating must be done at a temperature higher than the 
metal-salt decomposition temperatures and also higher than the 
melting point of the resulting alloy. The size of the metal 
powder is dependent upon the metal-salt concentration, the types 
and mixing ratio of solvents, misting speed, mist size, heating 
temperature, etc. ; the powder size can be thus controlled easily 
by the appropriate selection of such conditions. The mist size, 



especiallyi seems to be directly related to the metal-powder 
size, mist droplets can be further divided by colliding such 
droplets with a solid obstacle or a rotating body. When the 
solvent boiling point is low, boiling during the heating further 
divides the mist droplets, and produces metal powder very small 
in size. 

The thick-film pastes of the present invention utilize 
metal powders obtained by the process above, as the conductive 
components, together with optional inorganic binders and other 
additives, and uniformly disperses them in organic carriers « 

The metal powders obtained by this process have excellent 
crystallinity and dispersibility . Thick-film pastes using such 
powders as the conductive components form thin compact films with 
excellent substrate adhesion. Especially, in the case of 
conductor pastes , the films have very low oxide and glass content 
on the surface, thus solderability and, wire- and die-bonding 
properties are good. 

Application examples 

The present invention is explained below in detail, with 
application examples and comparative examples. 

Application Example 1 

A solution of 0.5 mol/L was obtained by dissolving AgN03 
crystals in aqueous ethanol with an ethanol content of 80%. A 
mist was formed from a double-wall tubular misting machine by 
discharging the above solution at a rate of 2.0 mL/roin through 
the inner cylinder of a two-fluid nozzle and compressed air 
through the outer cylinder at a rate of 10 L/min. When mist was 
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made in a ceramic tube in an electric furnace at 1100 'C, air was 
fed at a rate of 20 L/min outside the two-fluid nozzle to lead 
the mist into the heating zone where the mist was thermally 
decomposed. The product was collected by a cyclone and glass 
filter. The powder obtained was perfectly spherical, smooth- 
surfaced Ag with good crystallinity, a maximum particle diameter 
of 1.7 im, a minimum particle diameter of 0.5 pm. 

A conductor paste was prepared using this powder as shown 
below . 

Ag powder 100 g 

Glass frit 5 g 

Bi203 8 g 

Organic carrier 30 g 

Comparative Evai^p]** i 

Application Example 1 was repeated at 900 'C to obtain an Ag 
powder that was nonspherical and irregular and had maximum 
particle diameter of 10 and a minimum particle diameter of 1 
ftm. A conductive paste was prepared using this powder with a 
composition similar to Application Example 1. 

Compara tive Evawp l o ? 

Ag powder with a maximum particle diameter of l.S ^m and a 
minimum particle diameter of 0.5 pm by the wet reduction method 
and used in a conductor paste with a composition similar to 
Application Example 1. 



Comparative tests 
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The pastes of Application Example 1 and Comparative Examples 
1 and 2 were printed separately on an alumina substrate and fired 
at 800 *C to obtain thick-film conductors which were tested by 
usual manner and the results are given in Table I. 

Table I. 



Test leeas 
* • • • > • 

Ag povder ^ ' 


Viacoslcy characteristics 

(poise) ' ' - 


Print- 
ability 


Solder 
wectini^ ' 


Adhesive »(;rength (kg)* 


0.4 

sec 


4 

sec 


40 
sec 


Initial 


After aging 


Application 


8500 


2300 


800 


O 


Good 


2.5 


1,5 


CoBparacive 
Ekample 1 


4000 


1800 


800 


X 


Good 


1,5 


0.5 


Comparative 
Eacaapi^e 2 


8000 


2900 


1500 


A 


Pinholes 


2.0 


• 0,9 



I 

♦Adhesive strength was evaluated for a l.S-min square 
pattern. Aging strength was measured after being stored 
24 h at 150*C- 

Table I clearly shows the superior characteristics of the 
thick-'film paste of the present invention. The paste of 
Application Example 1 had viscosity characteristics ideal for 
good screen printability. While solder wetting and adhesive 
strength are two mutually contradicting characteristics, the 
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paste of Application Example 1 was superior to the powder 
obtained by wet reduction process in both solder wetting and 
adhesive strength. The Ag powder did not agglomerate and 
dispersed well in the paste, resulting in dense films • Good 
crystallinity of each particle delay sintering during the paste- 
firing process, resulting in smooth migration of glass to the 
substrate . 

Application Example 2 

A solution of 0,5 mol/L was obtained by dissolving AgM03 and 
Pd(N03}2 ^9 ratio of 8:2 in aqueous methanol 

containing 50% methanol. This solution was misted in a ceramic 
tube in an electric furnace at 1200*C as in Application Example 
1. The product was a smooth- surfaced spherical Ag/Pd alloy with 
good crystallinity, a maximum particle diameter of 2.5 /im and a 
minimum particle diameter of 1.5 Aim. 

Using this alloy powder, a conductor paste was prepared by 
the following composition. 

Ag/Pd alloy powder 100 g 

Organic carrier 82 g 

This paste was printed on a ceramic sheet and fired at 
1100 •€ to obtain a compact film of 1.2 pm in thic]aiess and a 
specific resistance about 20 /lO/cm. 

Comparative Example 3 

Ag powder having a maximum particle diameter of 1.5 pm and a 
minimum particle diameter of 0.5 /im and Pd powder having an 
average particle diameter of 0.2 /im were used for a conductor 
paste at the following composition. 

I 

i 
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Ag powder 80 g 

Pd powder 20 g 

Organic carrier 82 g 

This paste was printed on a ceramic sheet and fired at 

1100 'C to give a continuous film of 1,2 in thickness. 

Application Example 3 

A solution of 0.5 mol/L was prepared by dissolving HAUCI4 
crystals in ethanol. This solution was then misted and thermally 
decomposed as in Application Example 2 to obtain a spherical Au 
powder with good crystallinity , a maximum particle diameter of 
1-0 /xm and a minimum particle diameter of 0.5 /xm. 

This powder was used for making a conductor paste with the 
following composition. 



Au powder 100 g 

Glass frit 3 g 

CuO 1 g 

Organic carrier 13 g 



This paste was printed on an alumina substrate and fired at 
900 'C to give a 7-Min-thick compact film which was then tested for 
wire bonding by the TUS method, giving no failure in 2000 shotsi 

Effects 

As shown in the application examples, the pastes of the 
present invention use spherical metal powders with good 
crystallinity and high dispersibility, producing thin compact 
films with strong adhesion to substrates. Especially in the case 



of conductor pastes, the film surfaces have a very low contents 
of oxides or glass, thus providing good solderability and, wire 
and die-bonding properties. 



i 

I 



